T he implantable cardioverter defibrillator (ICD) detects and rapidly terminates ventricular fibrillation (VF) and ventricular tachycardia (VT). Antiarrhythmic drug therapy has been the primary treatment for patients with a history of resuscitated VF and/or sustained VT who are at a high risk of death. However, large randomized trials have raised major concerns about the lack of efficacy and the proarrhythmic potential of Vaughan Williams Class I drugs 1 and at least one Class III drug. 2 Amiodarone, however, is still considered an effective antiarrhythmic agent that is largely free of proarrhythmic effects. Recently, a meta-analysis of randomized, controlled trials of amiodarone confirmed that this drug reduces arrhythmic death and has a modest beneficial effect on overall mortality in high-risk patients. 3 Recently, the Antiarrhythmic versus Implantable Defibrillator (AVID) study reported a reduction in mortality with the ICD compared with antiarrhythmic drug therapy in patients with VF or VT. 4 The purpose of the present study was to compare the efficacy of the ICD and amiodarone for the prevention of death in patients with previous sustained ventricular arrhythmia.
Methods

Inclusion Criteria
Patients were eligible for this study if, in the absence of either recent acute myocardial infarction (Յ72 hours) or electrolyte imbalance, they manifested any of the following: (1) documented VF; (2) out-of-hospital cardiac arrest requiring defibrillation or cardioversion; (3) documented, sustained VT causing syncope; (4) other documented, sustained VT at a rate Ն150 beats/min, causing presyncope or angina in a patient with a left ventricular ejection fraction Յ35%; or (5) unmonitored syncope with subsequent documentation of either spontaneous VTՆ10 s or sustained (Ն30 s) monomorphic VT induced by programmed ventricular stimulation. Patients could meet inclusion criteria 3 or 4 on the basis of a ventricular tachyarrhythmia induced in the electrophysiology laboratory if both of the following conditions were met: (1) they had prior, spontaneous, documented, sustained VT and (2) the induced arrhythmia in the electrophysiology laboratory was monomorphic, sustained VT.
Exclusion Criteria
Patients were excluded for any of the following reasons: (1) ICD or amiodarone not considered appropriate as a treatment for the tachyarrhythmia, (2) excessive perioperative risk for ICD implantation; (3) previous amiodarone therapy for Ն6 weeks; (4) nonarrhythmic medical condition making 1-year survival unlikely, and (5) long-QT syndrome. Eligible patients giving informed consent were entered into the study. The study protocol was reviewed and approved by the Institutional Review Board/Ethics Committee at each of the participating clinical centers.
Randomization
Central randomization was stratified by clinical center and by left ventricular ejection fraction (Յ35% and Ͼ35%).
ICD
Patients randomized to receive the ICD were scheduled for surgery at the earliest possible date. Implant criteria were met with 3 consecutive successful defibrillations at Ն10 J below maximum device output. Either thoracotomy or nonthoracotomy lead systems were used.
Amiodarone
Patients randomized to amiodarone received it in the following manner: Ն1200 mg/day for Ն1 week in the hospital, Ն400 mg/day for Ն10 weeks, and then Ն300 mg/day. In patients who developed intolerable side effects, the dose of amiodarone could be lowered to a minimum of 200 mg/day. All patients were seen for follow-up at 2 months and 6 months after randomization and every 6 months thereafter.
Cointervention
Antiarrhythmic drugs could be used for patients in either treatment group to control supraventricular or nonsustained ventricular tachycardias that were symptomatic or that might cause discharge of the ICD.
Outcome Events
The primary outcome event was death from any cause. The secondary outcome event was arrhythmic death; this was based on the clinical classification of cardiac deaths developed by Hinkle and Thaler. 5 All deaths were adjudicated by an External Validation Committee whose members had no other affiliation to the study. Despite best efforts, it was not always possible to blind the External Validation Committee to treatment allocation. Results of ICD interrogation after death were not used to determine cause-specific mortality because this information was only available in ICD patients.
Statistical Methods
The cumulative mortality experience of each treatment group was summarized as a survival curve, which was estimated using the Kaplan-Meier method. 6 The survival curves were compared using a Mantel-Haenszel test incorporating stratification for left ventricular ejection fraction. 7 Cox's proportional hazards method was used to adjust for imbalances in baseline prognostic risk and to investigate potential subgroup effects. 8 The study was originally designed with a primary outcome of arrhythmic death; however, in 1993, the Steering Committee decided to change the primary outcome measure to all-cause mortality because of concerns that the ICD might prevent some arrhythmic deaths but, due to competing risks, have little effect on overall survival. This change led to an increase in the patient enrollment target from 400 to 650 patients, which provided 90% power to detect a relative reduction in all-cause mortality of 33% by the ICD from an anticipated 3-year mortality rate of 30% on amiodarone. Crossover rates of 5% per year for both treatment groups were anticipated. The primary analysis was originally conceived of as a one-sided comparison with a clear directional hypothesis that the ICD would be superior to amiodarone. When the study was initiated, amiodarone CABG indicates coronary artery bypass grafting; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; IHD, ischemic heart disease; MI, myocardial infarction; and EP, electrophysiological.
*Interstitial abnormality was defined as having been documented on a previous standard chest x-ray report.
was standard therapy, and we had no interest in proving that ICD treatment was worse than amiodarone. In response to the review process, 2-sided statistics are presented. Analysis was based on the intention-to-treat principle. An External Safety and Efficacy Monitoring Committee reviewed the unblinded study data every 6 months for safety and did 3 formal interim analyses of efficacy on the basis of an intention to stop the study early in favor of ICD if 1-sided PՅ0.001.
Results
Patient Enrollment
Patient enrollment occurred between October 1990 and January 1997. The mean duration of follow-up was 2.9 and 3.0 years for amiodarone and ICD patients, respectively. The baseline demographic and clinical characteristics of the 2 treatment groups, as shown in Table 1 , were well balanced.
Therapy
Among the 328 patients randomly allocated to receive an ICD, 310 (94.5%) received one. The median time to ICD implantation was 7 days, and 91.3% of patients received the ICD within 21 days of randomization. A thoracotomy was performed in 33 patients; this procedure had a 30-day mortality rate of 3.3% (1 patient). A nonthoracotomy lead system was implanted in the rest of the patients; the 30-day mortality rate for this procedure was 0.36% (1 patient). Of the 18 patients who did not receive an ICD, 7 died in the hospital while awaiting ICD surgery; in 10 patients, either the patient or his or her physician decided against an ICD after randomization; and a technical problem occurred in 1 patient. A total of 16 patients had their ICD permanently or temporarily explanted because of infection, heart transplantation, or patient preference. The total number of patient-years at risk while patients did not have an ICD in place due to cancelled or delayed implantation or ICD explantation was 72.5 years; this represents 7.3% of total patient-years at risk for the ICD patients. The percentage of patients randomized to an ICD who were also receiving amiodarone at 1, 3, and 5 years after randomization were 17.4%, 21.7%, and 28.1%, respectively. The mean amiodarone dose in these patients at 3 years was 277 mg/day. The cumulative risk of receiving an ICD shock was 65.4% at 4 years.
The proportion of patients assigned to amiodarone who were receiving it at 2 months and 1, 3, and 5 years was 96.2%, 88.7%, 80.3%, and 85.4%, respectively, with mean doses of 390, 306, 262, and 255 mg/day, respectively. Of the 331 patients allocated to amiodarone, 52 received an ICD. The cumulative proportion of amiodarone patients receiving an ICD at 1, 3, and 5 years was 9.0%, 18.6%, and 21.4%. The median time from randomization to ICD implantation was 334 days for these patients. Patients allocated to amiodarone were also treated with an ICD for a total of 111 patient-years, which was 11.6% of the total patient-years at risk for this treatment group. Table 2 summarizes the use of antiarrhythmic medications other than amiodarone during follow-up. An imbalance existed between the use of each of the 4 types of antiarrhythmic drugs: significantly more drugs were used in patients randomized to ICD treatment. This imbalance was most marked for sotalol, which was taken by many more ICD patients than amiodarone patients. The imbalance in the use of either sotalol or another ␤-blocker was large: 22.9% for the amiodarone group and 53.3% for the ICD group. The total patient-years of follow-up for patients allocated to amiodarone and ICD were 957 and 995, respectively. *Adjusted for left ventricular ejection fraction stratification. Figure 1 shows the Kaplan-Meier plots of the cumulative risk of death over 4 years for the ICD and amiodarone treatment groups. Table 4 shows the mortality rates at 1, 2, and 3 years for each treatment group, as well as the relative and absolute risk reductions. The RRR for total mortality was 15.4% at 1 year, 29.7% at 2 years, and 13.7% at 3 years. Figure 2 illustrates the hazard ratios and the 95% CIs for all-cause mortality in different subgroups of patients. None of the tests of interaction between the various baseline patient characteristics and treatment was significant. Thus, no identifiable subgroup benefited significantly more or less from the ICD.
Concomitant Medications
Fatal Outcomes
Subgroups
Adverse Experiences
Adverse experiences potentially related to ICD or amiodarone therapy are shown in Table 5 . The risk of pulmonary infiltrate in amiodarone patients was 1.9% per year. In ICD patients, device malfunction was rare, and pocket infection occurred at a rate of 1.4% per year.
Discussion
This randomized trial compared ICD therapy with amiodarone therapy in patients who had VF, sustained VT, or unmonitored syncope likely due to VT. The study was designed to detect reliably a relative reduction in risk of death of 33% from an expected 3-year mortality rate of 30% on amiodarone. The observed mortality rate in the amiodarone group was, as anticipated, almost 30%, but the observed RRR in all-cause mortality resulting from the use of the ICD was only 19.7%, which is not conventionally significant. However, the analysis of cause-specific mortality in this study supports the presumed mechanism of action of ICD therapy, which is to prevent deaths caused by ventricular arrhythmia. Fifteen fewer deaths occurred in patients randomized to the ICD than in those randomized to amiodarone; this difference was accounted for by 13 fewer arrhythmic deaths and by 2 fewer nonarrhythmic deaths. Thus, almost all of the observed benefit in mortality risk was due to a reduction in arrhythmic death, as would be expected from an antiarrhythmic intervention. This increases confidence that the observed mortality reduction may not be due to chance but to a real benefit of the ICD. The observed risk reduction in this trial (CIDS) is smaller than that observed in the AVID trial, which had a very similar design. 4 The patients and treatments studied in AVID were almost identical to those in CIDS. Although the design of AVID included the possibility of patients in the medical arm receiving sotalol, virtually all of the medically treated patients actually received amiodarone. At 3 years, mortality was reduced by the ICD by 31% (95 CI, Ϫ10% to 52%) in the AVID trial and by 20% (95% CI, Ϫ8% to 40%) in CIDS. Although the observed RRR associated with the ICD is less in CIDS than in the AVID study, the 95% CIs of the 2 estimates overlap substantially, indicating that the 2 results are not inconsistent with each other. The proportion of medically treated patients actually receiving amiodarone was similar between the studies, as was the mean amiodarone dose. A higher proportion of patients received concomitant ␤-blocker or sotalol therapy in the amiodarone group in CIDS (23.7%) than in AVID (16.8%) at 1 year. This could have enhanced the effectiveness of amiodarone in CIDS, because a positive interaction between amiodarone and ␤-blockers has been reported. 9, 10 At 3 years, the rate of concomitant use of amiodarone in ICD patients was 33.7% in AVID and 21.7% in CIDS, and the use of the ICD in amiodarone patients was 24.3% in AVID and 18.6% in CIDS. These higher rates of treatment crossover in AVID would be expected to reduce the observed treatment effect rather than to increase it. The AVID trial was stopped early due to a greater than expected benefit of the ICD over medical therapy. Trials stopped early for this reason have a general tendency to overestimate the benefit of treatment; this may explain, in part, the greater RRR observed in AVID. As shown in Table 4 , the RRR in CIDS decreased to 13.7% at year 3. It is possible that the smaller ICD benefit observed in CIDS is due to its longer duration of follow-up compared with the AVID study.
The statistical power of a clinical trial is more directly dependent on the total number of events than on the number of patients. The AVID study enrolled more patients than CIDS, but it followed them for a shorter amount of time; thus, the total number of fatal events in the 2 studies was similar (202 for AVID, 181 for CIDS). We conclude that the overall similarity in design and execution of CIDS and AVID and the overlapping CIs indicate that the difference in observed risk reduction is most likely due to chance. It is probable that the true benefit of the ICD over amiodarone lies between the estimates of AVID and CIDS.
The significantly higher use of ␤-blockers and digoxin among ICD patients compared with amiodarone patients in this study was anticipated because it is common to use these drugs in patients with an ICD. ␤-blockers are an effective treatment in patients after a myocardial infarction; they produce a 20% reduction in total death and a 30% reduction in arrhythmic death. 11 Furthermore, evidence exists that the effectiveness of amiodarone may be potentiated by ␤-blockers. 9,10 It is, therefore, possible that the imbalance in ␤-blocker therapy accounts for some of the observed treatment benefit of the ICD in both CIDS and AVID. The degree to which this occurred is uncertain because the cointervention was not random, and there are no valid means of correcting for it.
In summary, CIDS observed a relative reduction in allcause mortality of 19.7% with the ICD compared with amiodarone (which is not statistically significant), with a 33% relative reduction in arrhythmic death. In light of the results of the AVID study, CIDS provides further support for the superiority of the ICD over amiodarone in the treatment of patients with symptomatic sustained VT or resuscitated cardiac arrest.
Appendix
CIDS Participants
The number of patients enrolled by each center is given in parentheses. 
